Beta—delayed neutron studies of the fission fragments
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Bn—emission from exofic heavy nuclei

The uncharted fervitory
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Most of the neutron rich isotopes ﬁss ;
and all r=process nuclei 25‘“ 3
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Heavy Bn—emitters are poorly studied due to limited accessibility,

difficulty in detection of neutrons and complexity of data interpretation,
d

New facilities and new capabilities,
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Decay strength distribution

litetimes and branching ratios

- = Sﬁ(Ei)Xf(Z’Qﬁ_Ei) Sﬁ(Ei):<‘//f|éﬁ|‘//mother>

Sg | f(Z,E*) I

Neutron spectroscopy

Total absorption spectroscopy

b N High Resolution spectroscopy
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Lifetime and PB—delayed neutron emission

sensitivities for a (cold) r—process

cold r—process: equilibrium befween (n,y) and B decay
Lifetime sensitivity
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parficle model of decays near ™Ni
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Single parficle model of decays near "™Ni tor N»s0

Single particle description:

~Valence” wnucleons cannot decay via
allowed Gamow—Teller transitions 3 TORBIDDEN’
between spin orbit pariners fransitions
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Single parficle model of decays near "™Ni tor N»s0

Single particle description:
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Beta decay of neufron rich nuclei beyond N-=s0

Single particle description:

~Valence* nucleons cannot decay via ! L
allowed Gamow—Teller fransitions 3  TORBIDDEN J 19972
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Forbidden and allowed transitions separafed in
energy scales (and decay modes),

FIESTA 2014 R, Grzywacz




Forbidden decay of s46a
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Funding: Center of Excellence for Radioactive Ion Beam Studies for Stewardship Science - DOE NNSA

Design goal:
Maximize the detection efficiency in the broad energy range (100 keV - & MeV)
Measure neufrons and gammas .

First implementation at HRIBF experiment:
48 bars 3x3 x b0 cm?

Q - 102 (23x) of 4n

3z (bx) total efficiency @ MeV

50 cm TOF radius

40—b0 efficiency befa *START” defector

L2 T N 2 7

Gamma rays: _
> 72 clovers, 3z efficient @ 1MeV

Fully digital system (250 MSPS):

Sub—nanonsecond timing with
4ns digitization period

Low neutron detection threshold

Portability and flexibility

S, Paulauskas ef al, NIM A737,22(2014)
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S, Tluushkin

(Colorado School of Mines)

FIESTA 2014 R, Grzywacz

FIIII..|IIII|IIII|IIII|IIII|I

1 [ 1 L 1 L I 1 L 1 L I 'l L 'l 1 i 1 L L 'l A L J L 1

Intrinsic efficiency 60 cm bar
@30 keVee threshold

i
Exp vs. Geant 4 HH '}#h'ﬁH{}_f

=

Counts

— 2 3 4 5 6

1200 - - - -
| Courtesy of 5. llyushkin

il | IVANDLE response to

200 | mong—energefic neutrons

600 | En = 0.3, 1.0, 5.0 MeV

400 |

200

: s il Y
0 200 40 60 B0 100 120 140 180 180 20{
Time of Flight (ns)




Holitield Radioactive Ion Beam Facilify

Low—energy Radioactive Ion Beam Spectroscopy Station (LeRIBSS)

Infense beam (710 pA) ot (s50MeV) protons on UCx fargets
Isobar separation essential for success of the experiments
IRIS—1/1R1S—2 platforms, negative and posifive ions.
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M. Madurga, W. Pefers
S. Paulauskas ..

VANDLE commissioning experiment
Selection of isotopes with large @,—S and I,

29 cases measured, tocus on new dafa
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‘Resonant” decay of “Ga (730 h measurement)

Q= 13,61 T1/2=85(10) ms
‘Q,—S, = 8.5 MeV, Pn = 14(14)x
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Spectrum deconvolution - trom TOF to decay sfrength
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Spectrum deconvolution — trom TOF fo decay strength
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Neutron+gamma coincidences
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Neutron+gamma coincidences

Neutron spectrum deconvolution
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“6a and ®Ga decay strength from neutrons

— observed large beta strength at high excitations in the daughter
— structures in the neutron spectrum
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Shell=model interpretation

sd—neutrons as specfators

Beta decay of N<so wuclei (shell

model)

(Nushell  with *Ni core and }jj44bpn interactions).,
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BGT for ©“Ga and shell model

—observed large beta strength at high |
excitations compatible with a |
6T—decay of 78Ni core states

1" |
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BGT tor ©6a and shell model
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Shell=model B(G6T) in ™Ni region
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Shell=model predictions of feedings in ™Ni region
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Neutron spectroscopy in

very neutron rich heavy nuclel
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Befa—xn channels in very n—rich nuclei
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Hybrid—3Hen (HRIBF)
combination of gamma and neutron detfection

R. Grzywacz et al. Act. Phys. Pol. 45(2014) L:}._w!_‘-[
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Beta—delayed 2n emission in *Ga decay

B 60 x, B2n T 20x

Very powerful combination of RILIS +Isobar separafor+sHen:

Tin =43 ms
Pure beam (Laser lon Source) Q, = 15.3(8) Mev
Production rates comparable or betfer than at RIKEN -
First confirmation of the predicted large B2zn branching ratios — G
1, /1, (FRDM—QRPA ) 21z /44x,
1. /1, (DF3a+CARPA ) 28x /224
Bin Bzn [in 60{10) %
,-""'d ... BOn20(10) % 2 @y
2 ool i g =
. \i,, "o
:
i e E.
- 3 S, = 4.7(3) MeV  — 2
Em- K BGe
S E
5k 8 29
: "Ge

gbGa:  neufran b+n+q spectrum

K. Miernik e a\.-P\me,s. Rev, Lelt, 2013 Phys Rev Lett, m(2013),132502,
RILIS : Y. Liu et al., Nucl. Instrum. Methods Phys. Res., Sect., B 248, 5 (2013).
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New frigger detectors
(fragmentation and 1soL experiments)
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Survey of ~30 isotopes in a HRIBF campaign with VANDLE
Completed VANDLE data analysis for “*aa,
Intense neutron peaks aftributed 1o Gamow—Teller decays
Data consistent with simplified shell-model calculations
based on 18Ni core decay.
Ongoing work on more complete SM calculations,

VANDLE improved for fufure experiments
im TOF configuration with larger bars
New TOF start detectors

Higher gamma defection etficiency

(LaBr, array HAGRID),

Complementary Total Absorption Spectroscopy
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